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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a soft magnetic 
multilayered film and its manufacturing method, capable of 
forming insulating modified layers on respective surfaces of soft 
magnetic films only by a target necessary for the formation of 
the soft magnetic films and capable of forming the soft 

magnetic films into a multilayered film, and also to provide a flat ;5 8 % 

magnetic element a filter and a thin film magnetic head using . 
the soft magnetic multilayered film. - & -^^-^-v^^'^n// i 

SOLUTION: Although a soft magnetic multilayered film 5 is 
constituted of a multilayered film structure of plural soft 
magnetic films 7, modified layers 8 of oxide film or nitride film, 

having capacitance with respect to high frequency, are formed . . . ^ ^ . > - - 

on respective surfaces of the soft magnetic films 7. The 
modified layers 8 can be formed by oxidizing or nitriding 
respective surfaces of the soft magnetic films 7, and 
accordingly, the soft magnetic multilayered film 5 can be formed 
only by a target necessary to form the soft magnetic films 7. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Soft magnetism multilayers characterized by carrying out the laminating of many soft magnetism 
film with which the deterioration layer of the oxide film or nitride which has an electric capacity was formed 
in the front face of the soft magnetism film, and said deterioration layer was formed in it. 
[Claim 2] Soft magnetism multilayers according to claim 1 which O is contained in the presentation of said 
soft magnetism film, and have the structure in which the microcrystal phase and the amorphous phase were 
intermingled and by which the deterioration layer of an oxide film is formed in the front face of said soft 
magnetism film. 

[Claim 3] Soft magnetism multilayers according to claim 1 which N is contained in the presentation of said 
soft magnetism film, and have the structure in which the microcrystal phase and the amorphous phase were 
intermingled and by which the deterioration layer of a nitride is formed in the front face of said soft 
magnetism film. 

[Claim 4] One sort or two sorts or more of elements M with which said soft magnetism film is chosen from 
the microcrystal phase which makes Fe and/or Co a subject, Ti, Zr, Hf, V, Nb, Ta, Mo, W, aluminum, Si, 
Cr, P, C, B, Ga and germanium, and rare earth elements Soft magnetism multilayers according to claim 1 
which have the structure in which the amorphous phase which contains Elements O and N so much was 
intermingled and by which the deterioration layer of an oxide film or a nitride is formed in the front face of 
said soft magnetism film. 

[Claim 5] The crystal structure of said microcrystal phase is soft magnetism multilayers according to claim 4 
which consist of one sort or two sorts or more of hybrid structures among bcc structure, hep structure, and 
fee structure. 

[Claim 6] Soft magnetism multilayers according to claim 5 to which the crystal structure of said 
microcrystal phase mainly changes from bcc structure. 

[Claim 7] The diameters of average crystal grain of said microcrystal phase are soft magnetism multilayers 
according to claim 4 to 6 which are 30nm or less. 

[Claim 8] Soft magnetism multilayers according to claim 4 to 7 in which said soft magnetism film is formed 
by the following presentation. 

(Fel-aCoa) xMyLzOw, however M They are one sort or two sorts or more of elements chosen from Zr, Hf, 
V, Nb, Ta, Mo, W, aluminum. Si, Cr, P, C, B, Ga, germanium, and rare earth elements. L a which is one sort 
or two sorts or more of elements chosen from Pt, Ru, Rh, Pd, Ir, Os, Sn, Ti, Au, Ag, and Cu, and shows a 
presentation ratio 0<=a<=0.5, and x, y, z and w are at%, it is 5<=y<=30, 0<=z<=20, 5<=w<=40, and 10 
<=y+z<=40, and the remainder is x. 

[Claim 9] They are the soft magnetism multilayers according to claim 8 whose remainder a which shows the 
presentation ratio of said soft magnetism film is 0<=a<=0.3, x, y, z, and w are at%, it is 7<=y<=15, 
0<=z<=5, and 20<=w<=35, and is x. 

[Claim 10] Said elements M are soft magnetism multilayers according to claim 8 or 9 which are the 
elements which contain one side or both among Zr and Hf. 

[Claim 11] The presentations a of said soft magnetism film are soft magnetism multilayers according to 
claim 8 to 10 whose presentation Z it is 0 and is Oat%. 

[Claim 12] Soft magnetism multilayers according to claim 4 to 7 in which said soft magnetism film is 
formed by the following presentation. 

xMyLzOw, however T are elements which contain either or both among Fe and nickel. (Col-aTa) M They 
are one sort or two sorts or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Cr, Mo, Si, P, C, W, B, 
aluminum, Ga, germanium, and rare earth elements. L a which is one sort or two sorts or more of elements 
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chosen from Au, Ag, Cu, Ru, Rh, Os, Ir, Ft, and Pd, and shows a presentation ratio 0<=a<=0.7, and x, y, z 
and w are at%, the relation of 3<=y<=30, 0<=z<=20, 7<=w<=40, and 20 <=y-fz+w<=60 is satisfied, and the 
remainder is x. 

[Claim 13] They are the soft magnetism multilayers according to claim 12 whose remainder a which shows 
the presentation ratio of said soft magnetism film is 0<=a<=0.3, x, y, z, and w are at%, the relation of 
7<=y<=15, 0<=z<=19, 20<=w<=35, and 30 <=y+z+w<=50 is satisfied, and is x. 
[Claim 14] Said elements T are soft magnetism multilayers according to claim 12 or 13 which are Fe. 
[Claim 15] The ratio of concentration of Co and Fe is soft magnetism multilayers according to claim 14 
which are 0.3 <={Co/(Co+Fe)} <=0.8. 

[Claim 16] Soft magnetism multilayers according to claim 8 or 12 for which N is used with N or O instead 
of O as one element which constitutes said soft magnetism film. 

[Claim 17] The specific resistance of said soft magnetism film is soft magnetism multilayers according to 
claim 4 to 16 which are 300-3000micro ohm-cm. 

[Claim 1 8] The flat-surface mold magnetic cell characterized by forming the core of the soft magnetism 
multilayers indicated by claim 1 thru/or either of 16. 

[Claim 19] The filter characterized by forming the core of the soft magnetism multilayers indicated by claim 
1 thru/or either of 16. 

[Claim 20] It is the thin film magnetic head characterized by forming at least one side of the soft magnetism 
multilayers indicated by claim 1 thru/or either of 16 among said lower core layers and up core layers in the 
thin film magnetic head which has said lower core layer, the up core layer which counters through a 
magnetic gap, and the coil layer which gives a record field to both core layers in the opposite section of a 
lower core layer and a record medium at least. 

[Claim 21] After forming to a presentation the soft magnetism film which has O and/or N in membrane 
formation equipment, oxygen or nitrogen is introduced in said equipment. The process which is made to 
oxidize or nitride the front face of said soft magnetism film, and forms in said front face the deterioration 
layer of the oxide film or nitride which has an electric capacity, The manufacture approach of the soft 
magnetism multilayers characterized by having the process which carries out the laminating of the soft 
magnetism film which carries out by repeating said process and has a deterioration layer on a front face, and 
multilayers-izes it. 

[Claim 22] The manufacture approach of the soft magnetism multilayers according to claim 21 which said 
soft magnetism film is exposed to atmospheric air, and the front face of said soft magnetism film is 
oxidized, and form in said front face the deterioration layer of the oxide film which has electric capacity 
after forming said soft magnetism film. 

[Claim 23] The manufacture approach of the soft magnetism multilayers according to claim 21 or 22 which 
oxidize the front face of said soft magnetism film, and form the deterioration layer of an oxide film in said 
front face when it has O in the presentation of said soft magnetism film. 

[Claim 24] The manufacture approach of the soft magnetism multilayers according to claim 21 which nitride 
the front face of said soft magnetism film, and form the deterioration layer of a nitride in said front face 
when it has N in the presentation of said soft magnetism film. 

[Claim 25] The manufacture approach of the soft magnetism multilayers according to claim 21 to 24 which 
form said soft magnetism film by the following presentation. 

(Fel-aCoa) xMyLzKw, however M They are one sort or two sorts or more of elements chosen from Zr, Hf, 
V, Nb, Ta, Mo, W, aluminum, Si, Cr, P, C, B, Ga, germanium, and rare earth elements. L They are one sort 
or two sorts or more of elements chosen from Pt, Ru, Rh, Pd, Ir, Os, Sn, Ti, Au, Ag, and Cu. K — the inside 
of O or N — on the other hand ~ or a which is an element containing both and shows a presentation ratio — 
0<-a<=0. ~ 5, X, and y, z and w are at%, and set to 5<=y<=30, 0<=2<=20, 5<=w<=40, and 10 <=y+z<=40, 
and the remainder is x. 

[Claim 26] It is the manufacture approach of soft magnetism multilayers according to claim 25 that 
0<=a<=0.3, and x, y, z and w are at%, and set to 7<=y<=15, 0<=z<=5, and 20<=w<=35 a which shows the 
presentation ratio of said soft magnetism film, and the remainder is x. 

[Claim 27] The manufacture approach of the soft magnetism multilayers according to claim 25 or 26 which 
form said element M including one side or both among Zr and Hf 

[Claim 28] The manufacture approach of the soft magnetism multilayers according to claim 25 to 27 which 
form the presentation a of said soft magnetism film by 0, and form presentation Z at 0at%. 
[Claim 29] The manufacture approach of the soft magnetism multilayers according to claim 21 to 24 which 
form said soft magnetism film by the following presentation. 
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xMyLzKw, however T are elements which contain either or both among Fe and nickel. (Col-aTa) M They 
are one sort, or two sorts or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Cr, Mo, Si, P, C, W, B, 
aluminum, Ga, germanium, and rare earth elements. L They are one sort or two sorts or more of elements 
chosen from Au, Ag, Cu, Ru, Rh, Os, Ir, Pt, and Pd. K — the inside of O or N — on the other hand — or a 
which is an element containing both and shows a presentation ratio — 0<=a<=0. ~ 7, x, and y, z and w are 
at%, and set to 3<=y<=30, 0<=z<=20, 7<=w<=40, and 20 <=y+z+w<=60, and the remainder is x. 
[Claim 30] It is the manufacture approach of soft magnetism multilayers according to claim 29 that 
0<=a<=0.3, and x, y, z and w are at%, and set to 7<=y<=15, 0<=z<=19, 20<=w<=35, and 30 <=y+z+w<=50 
a which shows the presentation ratio of said soft magnetism film, and the remainder is x. 
[Claim 31] The manufacture approach of the soft magnetism multilayers according to claim 29 or 30 which 
form said element T by Fe. 

[Claim 32] The manufacture approach of the soft magnetism multilayers according to claim 3 1 which form 
the ratio of concentration of Co and Fe by 0.3 <={Co/(Co+Fe)} <=0.8. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] With respect to the soft magnetism film used for the core of for example, a flat- 
surface mold magnetic cell (a transformer, inductor) etc., this invention is only a target for forming the soft 
magnetism film especially, and relates to the manufacture approach of the flat-surface mold magnetic cell 
and filter using the soft magnetism film, the soft magnetism multilayers which can form the multilayers 
structure of an insulator layer (deterioration layer), and these soft magnetism multilayers, the thin film 
magnetic head, and said soft magnetism multilayers. 
[0002] 

[Description of the Prior Art] The soft magnetism film used as magnetic layers, such as a flat-surface mold 
magnetic cell (a transformer, inductor), a filter, and the thin film magnetic head, can mention the Fe-Hf-O 
film indicated by the publication-number No. 316748 [ six to ] official report as soft magnetism film which 
has need excellent in the RF property, for example, was excellent in frequency characteristics. 
[0003] Drawing 9 is the sectional view of the conventional inductor. In drawing 9 , the flat-surface coil 3 is 
formed on a magnetic layer 1, and said flat-surface coil 3 is covered with the insulating layer 2. 
Furthermore, a magnetic layer 4 is formed on said insulating layer 2, and the edge of this magnetic layer 4 is 
magnetically connected with said magnetic layer 1. Said magnetic layers 1 and 4 are formed with said Fe- 
Hf-O film excellent in the RF property etc. Although said magnetic layers 1 and 4 are formed by the spatter 
etc., the magnetic layer 4 formed on the insulating layer 2 which has covered the flat-surface coil 3 has the 
need of thickening thickness of said magnetic layer 4 in order to prevent magnetic saturation. 
[0004] However, when the thickness of said magnetic layer 4 is formed thickly, there is a problem that the 
core loss (iron loss) in a high frequency band becomes large. A core loss is in specific resistance at the 
relation of an inverse proportion, and since the Fe-Hf-O film mentioned above has high specific resistance, 
if said Fe-Hf-O film is used as magnetic layers 1 and 4, it can reduce a core loss. However, since said core 
loss has the relation of proportionality in the square of thickness, if thickness becomes thick, in a high 
frequency band, a core loss will become large rapidly at coincidence. Therefore, in order to reduce 
generating of said core loss and to prevent magnetic saturation, it is necessary to use the multilayers which 
carried out the laminating of the soft magnetism film formed by thin thickness, and the insulator layer by 
turns. General aluminum 203, general Si02, etc. as an insulating material are used for said insulator layer. 
[0005] 

[Problem(s) to be Solved by the Invention] However, within membrane formation equipment, in order to 
carry out the laminating of the soft magnetism film and the insulator layer by turns Since presentations with 
said soft magnetism film (for example, Fe-Hf-O film) and an insulator layer (for example, aluminum 203) 
differ Preparing two kinds, a target required in order to form the soft magnetism film, and a target required 
in order to form an insulator layer, and exchanging each target, the laminating of the soft magnetism film 
and the insulator layer must be carried out by turns, and a production process makes it complicated. 
Moreover, after membrane formation, when pattemizing the magnetic layer which consists of soft 
magnetism film and an insulator layer, since etching rates differed, respectively, there were troubles, like 
workability is very bad by the soft magnetism film and the insulator layer. 

[0006] This invention is for solving the above-mentioned conventional trouble, and it is only a target 
required in order to form the soft magnetism film especially, and an insulating deterioration layer is formed 
in the front face of said soft magnetism film, and it aims at offering offering the soft magnetism multilayers 
which can realize multilayers-ization of said soft magnetism film, and its manufacture approach and the flat- 
surface mold magnetic cell using these soft magnetism multilayers, a filter, and the thin film magnetic head. 
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[0007] 

[Means for Solving the Problem] The soft magnetism multilayers in this invention are characterized by 
carrying out the laminating of many soft magnetism film with which the deterioration layer of the oxide film 
or nitride which has an electric capacity was formed in the firont face of the soft magnetism film, and said 
deterioration layer was formed in it. 

[0008] In this invention, O is contained in the presentation of said soft magnetism film, and, moreover, it has 
the membrane structure in which the microcrystal phase and the amorphous phase were intermingled. N 
shall be contained in the presentation of the thing by which the deterioration layer of an oxide film is formed 
in the front face of said soft magnetism film, or said soft magnetism film, moreover it shall have the 
membrane structure in which the microcrystal phase and the amorphous phase were intermingled, and the 
deterioration layer of a nitride shall be formed in the front face of said soft magnetism film. 
[0009] Said soft magnetism film which constitutes each layer of the soft magnetism multilayers of this 
invention has the membrane structure in which the amorphous phase which contains so much the 
microcrystal phase which makes Fe and/or Co a subject, one sort or two sorts or more of elements M chosen 
from Ti, Zr, Hf, V, Nb, Ta, Mo, W, aluminum. Si, Cr, P, C, B, Ga, germanium, and rare earth elements, and 
Elements O and N was intermingled. 

[0010] Moreover, as for the crystal structure of said microcrystal phase, it is desirable to consist of one sort 
or two sorts or more of hybrid structures among bcc structure, hep structure, and fee structure, and the 
crystal structure of said microcrystal phase is mainly consisting of bcc structure more preferably. Moreover, 
as for the diameter of average crystal grain of said microcrystal phase, in this invention, it is desirable that it 
is 30nm or less. 

[001 1] Moreover, by this invention, said soft magnetism film is formed by the following presentation. 
(Fel-aCoa) xMyLzOw, however M They are one sort or two sorts or more of elements chosen from Zr, Hf, 
V, Nb, Ta, Mo, W, aluminum. Si, Cr, P, C, B, Ga, germanium, and rare earth elements. L a which is one sort 
or two sorts or more of elements chosen from Pt, Ru, Rh, Pd, Ir, Os, Sn, Ti, Au, Ag, and Cu, and shows a 
presentation ratio 0<=a<=0.5, and x, y, z and w are at%, it is 5<=y<=30, 0<=z<=20, 5<=w<=40, and 10 
<=y+z<=40, and the remainder is x. a which shows the presentation ratio of said soft magnetism film is 
0<=a<=0.3 more preferably, x, y, z, and w are at%, it is 7<=y<=15, 0<=z<=5, and 20<=w<=35, and the 
remainder is x. 

[0012] Moreover, as for said element M, it is desirable that it is the element which contains one side or both 
among Zr and Hf. In this invention, the presentation a of said soft magnetism film is 0, and, as for said soft 
magnetism film, it is still more desirable that presentation Z is Oat%, i.e., it is formed by the Fe-M-O film. 
[0013] Or said soft magnetism film in this invention is formed by the following presentation. 
xMyLzOw, however T are elements which contain either or both among Fe and nickel. (Col-aTa) M They 
are one sort or two sorts or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Cr, Mo, Si, P, C, W, B, 
aluminum, Ga, germanium, and rare earth elements. L a which is one sort or two sorts or more of elements 
chosen from Au, Ag, Cu, Ru, Rh, Os, Ir, Pt, and Pd, and shows a presentation ratio 0<=a<=0.7, and x, y, z 
and w are at%, the relation of 3<=y<=30, 0<=z<=20, 7<=w<=40, and 20 <=y+z+w<=60 is satisfied, and the 
remainder is x. 

[0014] Moreover, a which shows the presentation ratio of said soft magnetism film is 0<=a<=0.3, x, y, z, 
and w are at%, it is satisfied with this invention of the relation of 7<=y<=15, 0<=z<=19, 20<=w<=35, and 
30 <=y+z+w<=50, and, as for the remainder, it is more desirable that it is x. 

[0015] Moreover, it is desirable that said element T is Fe in this invention, and it is desirable that the ratio of 
concentration of Co and Fe is 0.3 <={Co/(CoH-Fe)} <=0.8 in this case. Furthermore by this invention, N may 
be used with N or O instead of O as one element which constitutes said soft magnetism film mentioned 
above. The specific resistance of said soft magnetism film in this invention explained in fiiU detail above is 
300-3000micro ohm-cm. 

[0016] Moreover, this invention is characterized by forming the flat-surface mold magnetic cell and the core 
of a filter by the soft magnetism multilayers mentioned above. 

[0017] Furthermore, at least one side is characterized by being formed of the soft magnetism multilayers 
mentioned above among said lower core layers and up core layers in the thin film magnetic head in which 
this invention has at least said lower core layer, the up core layer which counters through a magnetic gap, 
and the coil layer which gives a record field to both core layers in the opposite section of a lower core layer 
and a record medium. 

[001 8] The manufacture approach of the soft magnetism multilayers in this invention introduces oxygen or 
nitrogen in said equipment, after forming to a presentation the soft magnetism film which has O and/or N in 
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membrane formation equipment. It is characterized by having the process which is made to oxidize or 
nitride the front face of said soft magnetism film, and forms in said front face the deterioration layer of the 
oxide film or nitride which has electric capacity, and the process which carries out the laminating of the soft 
magnetism film which carries out by repeating said process and has a deterioration layer on a front face, and 
multilayers-izes it. Moreover, in this invention, after forming said soft magnetism film, said soft magnetism 
film may be exposed to atmospheric air, the front face of said soft magnetism film may be oxidized, and the 
deterioration layer of the oxide film which has electric capacity may be formed in said front face. 
[0019] Moreover, when it has O in the presentation of said soft magnetism film in this invention, it is 
desirable to oxidize the front face of said soft magnetism film, and to form the deterioration layer of an 
oxide film in said front face. When it has N in the presentation of said soft magnetism film in this invention, 
it is still more desirable to nitride the front face of said soft magnetism film, and to form the deterioration 
layer of a nitride in said front face. 

[0020] By this invention, said soft magnetism film is formed by the following presentation. 
(Fel-aCoa) xMyLzKw, however M They are one sort or two sorts or more of elements chosen from Zr, Hf, 
V, Nb, Ta, Mo, W, aluminum, Si, Cr, P, C, B, Ga, germanium, and rare earth elements. L They are one sort 
or two sorts or more of elements chosen from Pt, Ru, Rh, Pd, Ir, Os, Sn, Ti, Au, Ag, and Cu. K — the inside 
of O or N — on the other hand ~ or a which is an element containing both and shows a presentation ratio — 
0<=a<=0. - 5, X, and y, z and w are at%, and set to 5<=y<=30, 0<=z<=20, 5<=w<=40, and 10 <=y+z<=40, 
and the remainder is x. Moreover, in this invention, 0<=a<=0.3, and x, y, z and w are at%, and set to 
7<=y<=15, 0<=z<=5, and 20<=w<=35 a which shows the presentation ratio of said soft magnetism film, 
and, as for the remainder, it is more desirable that it is x. 

[0021] It is desirable to form said element M by this invention including one side or both among Zr and Hf 
fiirthermore. Moreover, in this invention, the presentation a of said soft magnetism film is formed by 0, and 
presentation Z is formed at 0at%, namely, it is desirable to form the presentation of said soft magnetism film 
at Fe-M-O. 

[0022] Or by this invention, said soft magnetism film is formed by the following presentation. 
xMyLzKw, however T are elements which contain either or both among Fe and nickel. (Col-aTa) M They 
are one sort or two sorts or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Cr, Mo, Si, P, C, W, B, 
aluminum, Ga, germanium, and rare earth elements. L They are one sort or two sorts or more of elements 
chosen from Au, Ag, Cu, Ru, Rh, Os, Ir, Pt, and Pd. K ~ the inside of O or N — on the other hand — or a 
which is an element containing both and shows a presentation ratio — 0<=a<=0. — 7, x, and y, z and w are 
at%, and set to 3<=y<=30, 0<=z<=20, 7<=w<=40, and 20 <=y+z+w<=60, and the remainder is x. 
[0023] Moreover, in this invention, 0<=a<==0.3, and x, y, z and w are at%, and set to 7<=y<=15, 0<=z<=19, 
20<=w<=35, and 30 <=y+z+w<=50 a which shows the presentation ratio of said soft magnetism film, and, 
as for the remainder, it is more desirable that it is x. Moreover, it is desirable to form said element T by Fe in 
this invention, and it is desirable to form the ratio of concentration of Co and Fe in this case 0.3 <={Co/ 
(Co+Fe)} <=0.8, 

[0024] It is known by forming the soft magnetism film which has thin thickness for the magnetic layer used 
for a flat-surface mold magnetic cell (an inductor, transformer), a filter, the thin film magnetic head, etc. 
from the former, and an insulator layer with the multilayers structure which carried out the laminating by 
turns that it is possible prevention of magnetic saturation and to reduce the core loss (iron loss) in a high 
frequency band. 

[0025] In the former, although aluminum 203, Si02, etc. were used as an insulator layer, since the 
presentation of the soft magnetism film differed from the presentation of said insulator layer, there were 
problems, such as needing two kinds, the target for forming the soft magnetism film and the target for 
forming an insulator layer, on the occasion of membrane formation and badness of the workability by the 
difference in the etching rate of the soft magnetism film and an insulator layer. 

[0026] So, in this invention, only with the target required for membrane formation of the soft magnetism 
film, the soft magnetism film and an insulator layer can form the soft magnetism multilayers by which the 
laminating was carried out by turns, and make it possible to form the presentation of said soft magnetism 
film and insulator layer by the same presentation moreover. Drawing 1 is a sectional view showing the 
structure of the multilayers-ized soft magnetism multilayers 5 in this invention. As shown in drawing 1 , on 
the substrate 1 0, the laminating of two or more soft magnetism film 7 is carried out. In this invention, O 
(oxygen) and/or N (nitrogen) contain in the presentation of said soft magnetism film 7, and it has become it 
with that in which the microcrystal phase of the element which bears magnetism, such as Fe and Co, and the 
amorphous phase which encloses this microcrystal phase were intermingled as membrane structure. 
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[0027] As shown in drawing 1 , the deterioration layer 8 is formed in the front face of each soft magnetism 
film 7. This* deterioration layer 8 is the oxide film or nitride which has an electric capacity to a RF, and said 
deterioration layer 8 shields magnetically the non-deteriorated layer 9 (part which removed the deterioration 
layer 8 fi*om the soft magnetism film 7) which has soft magnetic characteristics, and it enables it to 
demonstrate a function equivalent to the insulator layer in the former in a RF field. 

[0028] If the configuration element of said deterioration layer 8 is the same as the non-deteriorated layer 9 
and it sees in presentation, the soft magnetism multilayers 5 shown in drawin g 1 are formed in the condition 
almost near a monolayer. As mentioned above, in this invention, O (oxygen) and/or N (nitrogen) contain in 
the presentation of the soft magnetism film 7 by which a laminating is carried out on a substrate 10. The 
amounts of O (oxygen) or N (nitrogen) differ in parts other than the fi-ont face of said soft magnetism film 7, 
and the front face of said soft magnetism film 7, O (oxygen) and/or N (nitrogen) contain in the front face of 
said soft magnetism film 7 mostly, and the deterioration layer 8 of a strong oxide film or a nitride is formed 
in it. 

[0029] After drawing 2 forms the Fe-Hf-O film of 3.0-micrometer thickness and forms the deterioration 
layer 8 of an oxide film in a front face, it shows the result of having performed the Auger-analysis method. 
The Fe-Hf-O film used by this analysis is Fe55Hf 1 1034. Moreover, it is the content (at%) of each atom 
with which the axis of abscissa of drawin g 2 constitutes the sputtering depth (micrometer) from a front face, 
and an axis of ordinate constitutes the Fe-Hf-O film. 

[0030] By the analysis result shown in drawing 2 , the content of an oxygen atom has increased very much 
in Mr. about 0.01 -micrometer Fukashi compared with Fe atom or Hf atom from the front face. Moreover, 
from the front face, by about 0.01 micrometers, although there are few contents, Fe atom and Hf atom are 
also contained. Thus, although there are many contents of an oxygen atom on a front face, there is no change 
in being Fe-Hf-O as a presentation. That is, near a front face is the natural oxidation film with which a lot of 
oxygen was contained in said Fe-Hf-O, and this part is said deterioration layer 8. Moreover, the content of 
Fe atom has increased and the location deeper than about 0.01 micrometers from a front face shows soft 
magnetic characteristics. 

[003 1 ] Thus, in the front face of the Fe-Hf-O film, and the other part, though it is a monolayer since the 
contents of an oxygen atom differ greatly although the presentation is the same, the deterioration layer 8 
which has magnetic insulation is in the laminating condition piled up on the non-deteriorated layer 9 which 
has soft magnetic characteristics other than a front face. 

[0032] this invention persons are the followings, and it was made and proved [ persons ] that said 
deterioration layer 8 fiinctioned as a magnetic insulating layer to a high-frequency field. As first shown in 
drawing 3 , said Fe-Hf-O film was formed on the substrate, natural oxidation of the front face of this Fe-Hf- 
O film was exposed and carried out to atmospheric air, and the deterioration layer was formed. The 
thickness of the deterioration layer of the front face of the Fe-Hf-O film used for the experiment which the 
Auger analysis shown in drawing 2 analyzes the soft magnetism film shown in drawing 3 , namely, is shown 
in drawing 3 is about 0.01 micrometers. 

[0033] In drawing 3 , two polar zone was stuck on the front face of the deterioration layer of said Fe-Hf-O 
film, alternating voltage was supplied between polar zone, and the impedance was measured. The 
experimental result is shown in drawing 4 . If it becomes a high frequency band with a frequency [ of 
alternating current ] of about lOOMHz as shown in drawing 4 , an impedance will fall sharply. This means 
that said deterioration layer is functioning as a capacity component electrically in a high frequency band. 
[0034] It is a requirement for functioning as a magnetic insulating layer to the alternating current field of a 
high frequency that the layer between magnetic films functions as an electric capacity component to the high 
frequency current. In this invention, if this deterioration layer functions as an electric capacity component in 
a high frequency band at least when the oxidizing zone or the deterioration layer of a nitrated case is formed 
in the front face of soft magnetism film, such as Fe-Hf-O film, its attention is paid to the phenomenon in 
which it can function as magnetic shielding to the high-frequency field of a high frequency between the 
multilayers which have soft magnetism. 

[0035] In this invention, this deterioration layer 8 can be operated as a magnetic insulating layer to a high- 
frequency field by forming the deterioration layer 8 of the oxide film or nitride which functions on the front 
face of the soft magnetism film 7 shown in drawing 1 as an electric capacity component to the high 
frequency current. Therefore, in the soft magnetism multilayers shown in drawing 1 , each non-deteriorated 
layers 9 and 9 and the magnetic thickness of — can be reduced, and it is effective in reduction of a core loss. 
And since it is multilayers, the overall amount of saturation magnetic flux can be raised, and the soft 
magnetic materials which magnetic saturation cannot produce easily can be obtained. 
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[0036] In addition, the approach of forming an oxide film in the front face of said Fe-Hf-O film can be 
easily formed by exposing into [ after forming said Fe-Hf-O film ] atmospheric air, or enclosing oxygen in 
membrane formation equipment. Since Hf atom which is easy to combine with an oxygen atom is contained 
in said Fe-Hf-O film, the oxygen atom contained in atmospheric air can draw near to said Hf atom, and is 
considered that a rich oxide film is formed in said Fe-Hf-O film front face with oxygen. 
[0037] In this invention, O (oxygen) and/or N (nitrogen) are contained in a presentation like the Fe-Hf-O 
film. On the front face of the soft magnetism film containing one sort or two sorts or more of elements M 
which are furthermore easy to combine with said oxygen atom or a nitrogen atom and which are chosen 
from Ti, Zr, Hf, V, Nb, Ta, Mo, W, aluminum, Si, Cr, P, C, B, Ga, germanium, and rare earth elements, 
positively After forming deterioration layers, such as an oxide film or a nitride, the soft magnetism film 
which has the same presentation as said soft magnetism film is again formed on said deterioration layer, and 
oxide-film **** forms the deterioration layer of a nitride in the front face of said soft magnetism film 
further. Thus, the non-deteriorated layer 9 in which the soft magnetism multilayers by which the laminating 
was carried out have soft magnetic characteristics as shown in drawing 1 , Non-deteriorated layer 9 which 
the deterioration layer 8 of the oxide film or nitride which has electric capacity to an alternating current 
serves as multilayers structure by which the laminating was carried out by tums, and counter through the 
deterioration layer 8 If it is in the condition of having been intercepted magnetically and the thickness of the 
soft magnetism film 7 is formed thinly, the thickness of the non-deteriorated layer 9 which has soft magnetic 
characteristics becomes thin, and can aim at reduction of a core loss. Moreover, the thickness of multilayers 
structure, then said soft magnetism multilayers 5 whole can be thickly formed for said soft magnetism 
multilayers 5, and magnetic saturation can be prevented. 

[0038] In especially this invention, it is only a target required for membrane formation of the soft magnetism 
film 7, and since the non-deteriorated layer 9 and the deterioration layer 8 of the soft magnetism film 7 
which-izing of the production process could be carried out [ easy ], and were moreover formed since the soft 
magnetism multilayers 5 of multilayers structure were formed are the same in presentation, the etching rate 
is almost the same and its workability is also good. 

[0039] Next, the description of the soft magnetism film in this invention is explained. The soft magnetism 
film in this invention has the membrane structure in which the amorphous phase which contains so much the 
microcrystal phase which makes Fe and/or Co a subject, one sort or two sorts or more of elements M chosen 
from Ti, Zr, Hf, V, Nb, Ta, Mo, W, aluminum, Si, Cr, P, C, B, Ga, germanium, and rare earth elements, and 
Elements O and N was intermingled. 

[0040] The concrete empirical formula of the soft magnetism film in this invention is expressed with 
xMyLzOw (Fel-aCoa). However, L is one sort or two sorts or more of elements chosen from Pt, Ru, Rh, Pd, 
Ir, Os, Sn, Ti, Au, Ag, and Cu, and the presentation ratio x, and y, z and w are at%. In addition, it replaces 
with O or N (nitrogen) may be contained in the presentation with O. 

[0041] In said soft magnetism film, Fe is a principal component and is an element in which ferromagnetism 
is shown. Therefore, said Fe is an element which bears magnetism. In order to obtain high saturation 
magnetic flux density especially, many contents of Fe are so desirable that there are. Co is an element which 
bears magnetism as well as Fe, and a part of Fe is permuted and it can be added. For obtaining good soft 
magnetic characteristics, it is desirable that an addition ratio with Fe is 0.5 or less, and it is still more 
desirable in it being 0.3 or less for it. 

[0042] Element M is an element required since it is compatible in soft magnetic characteristics and high 
resistance, and it is easy to combine these with oxygen, they form an oxide, are mainly distributed the inside 
of amorphous, and raise the specific resistance of a magnetic film, in order to acquire this effectiveness — at 
least ~ more than 5at% — although being contained is desirable, when there are too many additions, it is 
desirable that it is less than [ 30at% ] because of the fall of the saturation magnetic flux density by the soft 
magnetic characteristics of a magnetic film deteriorating, and the concentration of Fe falling. It is less than 
[ more than 7at%15at% ] more preferably. 

[0043] Element L is an element which adjusts the corrosion resistance, frequency characteristics, and 
magnetostriction of a magnetic film. These elements L cause degradation of soft magnetic characteristics, or 
the fall of saturation magnetic flux density and are not desirable if it adds exceeding 10at(s)%. It is good 
more preferably to consider as less than [ 5at% ]. Moreover, in case compound addition is carried out with 
Element M, the total amount of Element M and Element L is desirable in it being less than [ more than 5at% 
40at% ]. 

[0044] what Element O exists the inside of amorphous, combines it with Element M, and forms the oxide of 
M - it is - less than [ more than 10at%40at% ] - being contained is desirable. In order to acquire good soft 
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magnetic characteristics, high saturation magnetic flux density, and good frequency characteristics, as for 
the addition of Element O, it is desirable that it is less than [ more than 20at%35at% ], 
[0045] In order to maintain high saturation magnetic flux density, securing good soft magnetic 
characteristics in this invention, a which shows a presentation ratio is 0<=a<=0.5, x, y, z, and w are at%, it is 
5<=y<=30, 0<=z<=20, 5<=w<=40, and 10 <=y+z<=40, and, as for the remainder, it is desirable that it is X. 
Furthermore, in order to obtain certainly good soft magnetic characteristics and high saturation magnetic 
flux density, a is 0<=a<=0.3, x, y, z, and w are at%, it is 7<=y<=15, 0<=z<=5, and 20<=w<=35, and it is 
more desirable that the remainder is x. 

[0046] Moreover, as for said element M, it is desirable that it is the element which contains one side or both 
among Zr and Hf. It is desirable to make the presentation a of said soft magnetism film to 0, and to make 
presentation z Oat% by this invention, furthermore. That is, it is desirable to form the presentation of said 
soft magnetism film by Fe-M-O. This Fe-M-O film has very high saturation magnetic flux density. 
[0047] Or by this invention, said soft magnetism film may be formed by the following presentation. 
xMyLzOw, however T are elements which contain either or both among Fe and nickel. (Col-aTa) M They 
are one sort or two sorts or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Cr, Mo, Si, P, C, W, B, 
aluminum, Ga, germanium, and rare earth elements. L It is one sort or two sorts or more of elements chosen 
from Au, Ag, Cu, Ru, Rh, Os, Ir, Pt, and Pd, and 0<=a<=0.7, and x, y, z and w are at% about a which shows 
a presentation ratio. It is referred to as 3<=y<=30, 0<=z<=20, 7<=w<=40, and 20 <=y+z+w<=60, and the 
remainder is x. 

[0048] In order to maintain high saturation magnetic flux density, securing good soft magnetic 
characteristics in this invention, 0<=a<=0.3, and x, y, z and w are at%, and set to 7<=y<=15, 0<=z<=19, 
20<=w<=35, and 30 <=y+z+w<=50 a which shows the presentation ratio of said soft magnetism film, and, 
as for the remainder, it is more desirable that it is x. 

[0049] Next, as membrane structure of the soft magnetism film in this invention, as shown in drawing 8 , the 
microcrystal phase which makes Fe and/or Co a subject is intermingled in the amorphous phase from which 
the oxide (or nitride) of Element M serves as a subject. Since said amorphous phase is mainly formed with 
the oxide of Element M, it shows the high specific resistance rho and shows high specific resistance also 
about the whole film. If it replaces especially with Fe or Fe and Co is added, oxygen will contain also in a 
microcrystal phase, the specific resistance rho also with said high microcrystal phase will be shown, and the 
specific resistance rho of the whole film will become high compared with the case of the Fe-M-O film. 
[0050] Moreover, if Co is contained on the soft magnetism film, the uniaxial anisotropy of said soft 
magnetism film will become several times as large as the uniaxial anisotropy of the Fe-M-O film, therefore 
the frequency characteristics of the permeability of the soft magnetism film in this invention will become 
very good. However, if Co is added on said soft magnetism film, saturation magnetic flux density will fall 
compared with the Fe-M-O film. 

[0051] Moreover, in this invention, as the crystal structure of the microcrystal phase which makes Fe and/or 
Co a subject, although you may be any among bcc structure (body-centered cubic structure), fee structure 
(face centered cubic structure), and hep structure (hexagonal close packed structure), it is that the great 
portion of crystal structure is more preferably formed with bcc structure. In addition, as for the diameter of 
average crystal grain of said microcrystal phase, it is desirable that it is 30nm or less. 
[0052] 

[Embodiment of the Invention] Drawing 5 and drawing 6 show the structure of the inductor in this 
invention, drawin g 5 is a top view and drawin g 6 is the 6-6 line sectional view of draw ing 5 . As shown in 
drawing 6 , it takes out on a substrate 30 and the electrode 31 is formed. This ejection electrode 31 has a role 
of a terminal. On said substrate 30 and the ejection electrode 31, the laminating of an insulator layer 32, a 
magnetic film 33, and the insulator layer 34 is carried out one by one, and the flat-surface coil 35 of a spiral 
coiled form is formed on an insulator layer 34. The core of the flat-surface coil 35 is taken out through the 
through hole which was able to be opened in the insulator layer 32, the magnetic film 33 formed by the soft 
magnetism multilayers of this invention, and the insulator layer 34, and is connected with the electrode 3 1 . 
The magnetic layer 37 which the wrap insulator layer 36 was furthermore formed in the flat-surface coil 35, 
and was formed by the soft magnetism multilayers of this invention on the insulator layer 36 is formed. 
From the edge of the flat-surface coil 35, the ejection electrode 38 is prolonged on the substrate 30. It has 
the function as a terminal like [ said ejection electrode 38 ] the ejection electrode 31. 
[0053] the flat-surface coil 35 — from right conductivity metallic materials, such as copper, silver, gold, 
aluminum, or these alloys, - becoming — an inductance, a direct-current weight property, size, etc. ~ 
responding — electric — a serial or juxtaposition ~ fijrther — length ~ or it can arrange suitably through an 
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insulator layer horizontally. Moreover, two or more flat-surface coils 35 are formed in juxtaposition, and a 
transformer can consist of making each flat-surface coil 35 coxmter through an insulator layer 36. 
Furthermore, the flat-surface coil 35 can be created in various kinds of configurations by carrying out photo 
etching after forming a conductive layer on a substrate. What is necessary is just to use proper approaches, 
such as braces sticking by pressure, plating, metallizing, vacuum deposition, sputtering, lOMBU rating, and 
the screen-stencil calcinating method, as the membrane formation approach of a conductive layer. 
[0054] As for insulator layers 32, 34, and 36, it is desirable to use what consists of minerals film, such as 
high polymer films, such as polyimide, Si02, glass, and hard carbon film. These insulator layers 32, 34, and 
36 are formed by approaches, such as the approach of calcinating behind paste printing or a spin coat, a hot- 
dipping method, thermal spraying, gaseous-phase plating, vacuum deposition, sputtering, and lOMBU 
rating. 

[0055] Drawing 7 is drawing of longitudinal section of the thin film magnetic head as an operation gestalt of 
this invention. The thin film magnetic heads shown in drawing 7 are the so-called MR / inductive 
compound-die thin film magnetic head by which it was formed in the trailing side edge side of the slider 
which constitutes a surfacing type head, and the laminating of the inductive head for writing was carried out 
on the read-out head (reproducing head). In addition, the thin film magnetic head shown in drawing 7 is an 
inductive head. 

[0056] The sign 40 shown in drawing 7 is the lower core layer 40 formed by the soft magnetism multilayers 
of this invention. On said lower core layer 40, the gap layer 41 formed by nonmagnetic insulating materials, 
such as aluminum 203, is formed, and the insulating layer 42 formed with a resist ingredient or other 
organic materials is further formed on said gap layer 41 . 

[0057] On said insulating layer 42, the coil layer 43 is spirally formed with the conductive ingredient with 
low electric resistance, such as Cu. In addition, although said coil layer 43 is formed so that the perimeter of 
end face section 45b of the up core layer 45 mentioned later may be gone around, in drawing 7 , said a part 
of coil layer 43 has appeared. And on said coil layer 43, the insulating layers 44, such as an organic resin 
ingredient, are formed. 

[0058] On said insulating layer 44, the up core layer 45 formed by the soft magnetism multilayers of this 
invention is formed. Point 45a of the up core layer 45 is joined through said gap layer 41 in the opposite 
section with a record medium on the lower core layer 40, and gap length's Gl magnetic gap is formed. 
Moreover, end face section 45b of the up core layer 45 is magnetically joined to the lower core layer 40 
through the hole formed in the gap layer 41 and the insulating layer 42. 

[0059] In the inductive head for writing, if a record current is given to the coil layer 43, a record field will be 
guided to the lower core layer 40 and the up core layer 45, and a magnetic signal will be recorded on record 
media, such as a hard disk, by the leak field from a magnetic gap part with point 45a of the lower core layer 
40 and the up core layer 45. 

[0060] In this invention, drawing 5 , the magnetic films 33 and 37 of an inductor shown in 6 and the lower 
core layer 40 of the thin film magnetic head shown in drawing 7 , and the up core layer 45 are formed of the 
soft magnetism multilayers 5 to which two or more laminatings of the soft magnetism film 7 were carried 
out, as shown in drawing 1 . As shown in drawing 1 , as for said soft magnetism film 7, the deterioration 
layer 8 of an oxide film or a nitride is formed in the front face, and parts other than said deterioration layer 8 
are the non-deteriorated layers 9 which have soft magnetic characteristics. Said deterioration layer 8 is a 
high frequency band, had electric capacity and has achieved the function as magnetic shielding film. 
[0061] In this invention, said soft magnetism film 7 has the membrane structure in which the amorphous 
phase which contains so much the microcrystal phase which makes Fe and/or Co a subject, one sort or two 
sorts or more of elements M chosen from Ti, Zr, Hf, V, Nb, Ta, Mo, W, aluminum. Si, Cr, P, C, B, Ga, 
germanium, and rare earth elements, and Elements O and N was intermingled, as shown in drawing 8 . 
Element M is contained also in the deterioration layer 8 of the oxide film or nitride currently formed in the 
front face of said soft magnetism film 7 with Fe and/or Co despite the minute amount, the configuration 
element of said deterioration layer 8 is the same as the non-deteriorated layer 9 which has soft magnetic 
characteristics, and said soft magnetism multilayers 5 are in the condition near a monolayer in presentation. 
[0062] However, in this invention, the contents of the oxygen atom contained in said deterioration layer 8 
which constitutes the soft magnetism film 7, and the non-deteriorated layer 9, or a nitrogen atom differ 
greatly, a lot of oxygen atoms or nitrogen atoms are positively contained in the deterioration layer 8 made 
into the oxide film or the nitride, and it has insulation. Furthermore, as mentioned above, said deterioration 
layer 8 is a high frequency band, and has the function which shields magnetically between the non- 
deteriorated layers 9 which have electric capacity and have soft magnetic characteristics. 
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[0063] Thus, it is possible to be able to prevent magnetic saturation by thickening thickness by forming said 
soft magnetism multilayers 5 with the multilayers structure of the soft magnetism film 7, and to reduce the 
core loss in a RF moreover, since between the non-deteriorated layers 9 which have a soft magnetism 
property by the deterioration layer 8 formed in the front face of each soft magnetism film 7 is shielded 
magnetically. Therefore, the above-mentioned inductor and the above-mentioned thin film magnetic head 
which used said soft magnetism film can have the outstanding RF property. 
[0064] What is necessary is just to use a spatter, vacuum deposition, etc., in order to form the soft 
magnetism multilayers 5 shown in drawing 1 . What is necessary is just to use the existing things, such as 
RF two-poles spatter, DC spatter, magnetron sputtering, a trilateral spatter, an ion beam spatter, and an 
opposite target type spatter, as a sputtering system. 

[0065] In a sputtering system, the target for forming the soft magnetism film 7 is prepared, and said soft 
magnetism film 7 is formed by spatter discharge on the substrate shown in drawing 1 . As an approach of 
adding 02 (oxygen) or N2 (nitrogen) in said soft magnetism film 7 at the time of this membrane formation 
The mixed gas (Ar+02) which mixed 02 gas or N2 gas in inert gas, such as Ar, or (Ar+N2) the reactant 
spatter which performs a spatter in an ambient atmosphere. Or the approach of carrying out the spatter of the 
multicomponent target using the chip of the oxide of Element M or a nitride in Ar ambient atmosphere or 
Ar+02 and Ar+N2 ambient atmosphere is effective, 

[0066] After forming the soft magnetism film 7 of the 1 st layer first on the substrate 1 0 shown in drawing 1 , 
spatter discharge is stopped, 02 (oxygen) or N2 (nitrogen) is enclosed, and the deterioration layer 8 of an 
oxide film or a nitride is formed in the fi*ont face of said soft magnetism film 7. This deterioration layer 8 
has electric capacity to a RF. And again, by spatter discharge, the soft magnetism film 7 of the 2nd layer is 
formed on said deterioration layer 8, spatter discharge is stopped after membrane formation, oxygen or 
nitrogen is enclosed, and the deterioration layer 8 of an oxide film or a nitride is formed in the front face of 
said soft magnetism film 7. By repeating this process, the soft magnetism multilayers 5 of multilayers 
structure which carried out the laminating of the non-deteriorated layer 9 which has the soft magnetic 
characteristics of the part except the deterioration layer 8, and the insulating deterioration layer 8 by tums 
can be formed. 

[0067] Moreover, as an approach of forming the deterioration layer 8 of an oxide film in the front face of 
said soft magnetism film 7, as mentioned above, the deterioration layer 8 of an oxide film can be formed in 
the front face of said soft magnetism film 7 the approach of enclosing oxygen in [ after forming the soft 
magnetism film 7 ] equipment, and by exposing the formed soft magnetism film 7 into atmospheric air. In 
addition, when O (oxygen) is contained in the presentation of said soft magnetism film 7, it is desirable to 
form the deterioration layer 8 of an oxide film in the front face of said soft magnetism film 7. Or when N 
(nitrogen) is contained in the presentation of said soft magnetism film 7, it is [ after forming said soft 
magnetism film 7 ] desirable by enclosing nitrogen to form the deterioration layer 8 of a nitride in the front 
face of said soft magnetism film 7. 

[0068] Next, the presentation of the soft magnetism film 7 used by this invention is explained. Said soft 
magnetism film 7 is formed of the presentation which consists of xMyLzOw (Fel-aCoa). M is one sort or 
two sorts or more of elements chosen from Zr, Hf, V, Nb, Ta, Mo, W, aluminum. Si, Cr, P, C, B, Ga, 
germanium, and rare earth elements. However, L a which is one sort or two sorts or more of elements 
chosen from Pt, Ru, Rh, Pd, Ir, Os, Sn, Ti, Au, Ag, and Cu, and shows a presentation ratio 0<=a<=0.5, and 
X, y, z and w are at%, it is 5<=y<=30, 0<=z<=20, 5<=w<=40, and 10 <=y+z<=40, and the remainder is x. 
[0069] a which shows the presentation ratio of said soft magnetism film is 0<=a<=0.3 more preferably, x, y, 
z, and w are at%, it is 7<=y<=15, 0<=z<=5, and 20<=w<=35, and the remainder is x. Moreover, as for said 
element M, in this invention, it is desirable that it is the element which contains one side or both among Zr 
and Hf. 

[0070] Or by this invention, said soft magnetism film 7 is formed by the presentation of xMyLzOw (Col- 
aTa). T is an element which contains either or both among Fe and nickel. However, M They are one sort or 
two sorts or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Cr, Mo, Si, P, C, W, B, aluminum, Ga, 
germanium, and rare earth elements. L a which is one sort or two sorts or more of elements chosen from Au, 
Ag, Cu, Ru, Rh, Os, Ir, Pt, and Pd, and shows a presentation ratio 0<=a<=0.7, and x, y, z and w are at%, it 
has the relation of 3<=y<=30, 0<=z<=20, 7<=w<=40, and 20 <=y+z+w<=60, and the remainder is x. More 
preferably, a which shows the presentation ratio of said soft magnetism film is 0<=a<=0.3, x, y, z, and w are 
at%, it has the relation of 7<=y<=15, 0<=z<=19, 20<=w<=35, and 30 <=y+z+w<=50, and the remainder is 

X. 

[0071] Moreover, it is desirable that said element T is Fe in this invention, and it is desirable that the ratio of 
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concentration of Co and Fe is 0.3 <={Co/(Co+Fe)} <=0.8 in this case. The soft magnetic characteristics and 
frequency characteristics which were more excellent in setting the rate of Co and Fe to 0.3 <={Co/(Co+Fe)} 
<=0.8 by setting Element T to Fe can be acquired. It is good to set the rate of Co and Fe to 7:3 still more 
preferably. Moreover, as one element which constitutes said soft magnetism film in this invention, N may be 
used with N or O instead of O. In addition, according to the soft magnetism film 7 of this invention, it is 
possible to obtain the specific resistance of 300-3000micro ohm-cm extent. 

[0072] As mentioned above, by this invention, as shown in drawing 1 , two or more soft magnetism film 7 is 
formed with the multilayers structure by which the laminating was carried out, moreover the deterioration 
layer 8 of the oxide film or nitride which has electric capacity to a RF is formed in the front face of each soft 
magnetism film 7, and, as for the soft magnetism multilayers 5, between the non-deteriorated layers 9 which 
have a soft magnetism property is magnetically shielded by said deterioration layer 8. Thus, it is possible to 
be able to prevent magnetic saturation by thickening thickness by forming said soft magnetism multilayers 5 
with the multilayers structure of the soft magnetism film 7, and to reduce the core loss in a RF moreover, 
since between the non-deteriorated layers 9 which have a soft magnetism property by the deterioration layer 
8 formed in the front face of each soft magnetism film 7 is shielded magnetically. 

[0073] By using only the target used in order especially to form the soft magnetism film 7 by this invention, 
the non-deteriorated layer 9 shown in drawing 1 R> 1 and the deterioration layer 8 can form the multilayers 
structure by which the laminating was carried out by tums, and can easy-ize a production process. And since 
the non-deteriorated layer 9 and the deterioration layer 8 of said soft magnetism film 7 are the same in 
presentation, an etching rate's are almost the same, and can raise workability. 

[0074] In addition, in this invention, as a concrete example which uses the soft magnetism multilayers 5 
shown in drawing 1 , although an inductor ( drawing 5 R> 5 six) and the thin film magnetic head ( drawing 
7 ) were mentioned, it is applicable also to the soft magnetism multilayers of a thin film transformer which 
prepared the upstream and secondary coil, for example. The thin film and lance which used these soft 
magnetism multilayers can have the outstanding RF property like an above-mentioned inductor and the thin 
film magnetic head. Furthermore, migration communication equipment progresses and recent years require a 
miniaturization and RF-izing of a device. Meanwhile, the filter excellent in the RF property can be offered 
by applying said soft magnetism multilayers 5 to an air core inductor with a large occupancy area in the 
component of the LC filter for portable telephones. 
[0075] 

[Effect of the Invention] According to this invention explained in full detail above, it has O (oxygen) and/or 
N (nitrogen) in a presentation, for example. As membrane structure After forming the soft magnetism film 
which is the structure where the microcrystal phase which makes Fe and/or Co a subject, and the amorphous 
phase which contains Elements M (Hf etc.) and O and/or N so much are intermingled, The laminating of the 
soft magnetism film with which the front face of said soft magnetism film was oxidized or nitrided, the 
deterioration layer was formed, and said deterioration layer was formed in the front face was carried out, 
and it is multilayers-ized. In this invention, if said deterioration layer forms the thickness of said soft 
magnetism film thinly and it is multilayers-ized, in order that it may have an electric capacity component in 
a high frequency band and may demonstrate a magnetic shielding ftmction, while it can aim at reduction of a 
core loss, it can prevent magnetic saturation. 

[0076] Especially in this invention, since the configuration element of said deterioration layer is the same as 
the soft magnetism film while being only a target required in order to form the soft magnetism film, being 
able to form in a front face the multilayers structure of the soft magnetism film of having a deterioration 
layer and being able to realize easy-ization of a production process, it excels also in workability. 

[Translation done.] 
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[0 0 3 3] 03T't±> WI3F e-H f-OMO^KS 
m^04{c^-ro 04{c^t-J;3{c. 3:£it«»itO^?S^ 

10 oMHz mmomm^wmtfi^t. ^z/\^—}^y 



(6) iltM2 0 0 0- 5 4 0 8 3 

[0 0 3 4] m^m<Dmi)mmmmmicn\.xmnff3 

m^ni^xm^mrsfs&mmtvxmm-r^rciixD'iim^ 

m<Dmmmitm^mimitm(D^mmti^Bmf£nx\^^ 

10 mm^rj:^mi^^t\.xwm-rirais i^s^is^w-r^^ 
SMP^T% ■m^^mmwL<r>-mmmmKn\^xmm.iy-)\^ 

K i: LT«aftgT' 1 5 1 (.^ d i^tc« a L fc t <D-efe« o 
[0 0 3 5] :^nm-V\t. 0 1 K^-rWiMMkl <O^M 

t) s cifiD^Ms 8 ^Mmmmit.n\.xmmmii.mm 

[0 0 3 6] *feMfSF e-H f-OJS©SffifcgJ{tK 

Ir^ctX^micmi^X^^o Mt2F e-H f-OMfC 

[0 0 3 7] *fiB^T?{±. F e-H f-Om*if«>J;d 

fc. mmico (.mm) jscxfy^mtN i^m) ^-^m 

l.\ Tl, Zr, Hf, V, Nb, Ta, Mo, W, A 
I, Si, Cr, P. C, B. Ga, G e tn±M7Cm 
A^?>Slfn-5 1 ffl$feJ±2afi<±®7n^M^-&tf«cSBI1S 

m&m^. mmmmm±icnxfm^vx. -^^icmBm. 
So t<Dj;:.^icLxms-^tircmmii^mmiim i 

i^xMrn-r^m^MMoi^^Lit. m^mcmm-^nrc 
li. mi^<i^i^^m^^m^mm 9 (ommim < * »? . 

50 <jgj5gT'€. m^m^mj^m±ir^cti)^xt^o 
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[0 0 3 8] !|#k:*:^Bj{cfei^T{±. mi^i<omm 

Co 0 3 93 ^Xic. :^^mi^^i'f^miim<onmic-:> 
t^fcitco^mi^t.-t^mm^Bmt. ti. zr, h 

f. V. Nb. Ta. Mo, W. Al, Si. Cr. 

p, c, B, Ga, Get.^±m7im*^^mm^im 

[0 0 4 0] *fgB^{CfcltS«Cfii1SS<?3*i*:6^^ffiJlg^ 
ti, (F ei-a C oa) xMy LiO.T?S^n5o /"cfcU 
Ll±, Pt, Ru, Rh. Pd. I r. Os. S n. T 

i, Au. Ag, Cnf)^^Mlin^lM1^rct,i2mH± 
(DftrnX'^'O. ifM.itx. y. z, w«at%-^SSo 

[0 0 4 1] H«te«)cSaifflRt-43l,>T. F e li±l&^X& 

F e<D-g-W*li#V''SffJ?*l^<'^o C o F e t 

F e tW^it^A^O . 5 lHrX&^ d L- < s 

0. 3JJtfPfeSi:^P>lC»SLV^ 
[0 0 4 2] TzmUli. Ilkm^^ittM&^^MiLt^ 

Kit. 6!>^< i:t 5 a t %t;i±$$nTl/^S CfcAWS 

fS]SOiaT<Ofc46, 3 0 a t %^i(T'P355 <1 ttl^Hf^ L 
Vo L<tt, 7 a t %W±1 5 a t %J-:4TT»fe 

^[0 O 4 3] TC^LJi. JKISMOW^. ^tgSfe^ttR 

TimutTtmLtommti^ 5 a t %&±4 0 a t %ixr 

[0 0 4 4] 7C^0ti#^9K4'»i:#abT7C^Mi:^-& 
LTMOSKt^^JK^-rSfeOT'fet). 1 0 a t %&,± 
4 0 a t %JL:iT^^nTI/^5ili:*^$f^LV^o fi^f^^H^J 
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t#«fcl6tCt±7C^OO^Pfil±2 0 a t %W±3 5 a t 
[0 0 4 5] *fgH^-et±fi»*i|^SI^'i#tt'&5S^LOO 

a. 0^a<0. 5, X. y. z. wtiat%-e, 5^ 

y^30. 0<z^20. 5^w^40, lO^y+z 

fctofctt, alis O^a^O. 3. x. y. z. wl±a 

iO t%X. 7<y^l5, O^z^S. 20^w^35-^ 

[0 0 4 6] $fcBUtB7t^Ml±, Z r . H f ©3-^-73 
*%B^-Z?«. MIH®??Sffl^OffifiXa^0{C. M^z^O 

(ofm.^F e-M-ox-mmr^^t.ti^B's^h^^o 

Fe-M-0^l±. #f#t<:l^l^«JS*^;K</^o 
[0 0 4 7] «fc:(±*^B^T?l±. BlHSIRS4ffiKl±s TfH 

20 (C Ol-a Ta) xMy LiOw 

fc^£U T«Fe, N 1 (D^^H-^e.*^— 7afe«VH±M 
7j*$tf7C^T'fet)> Mt±, Ti, Zr, Hf, Nb, 
Ta. Cr, Mo, Si, P. C. W, B. Al. G 

a. G e t^±m7zmi)-^^miin^ i asfci± 2 msn± 

<O7ciST?fe0. Lt±, Au, Ag, Cu, Ru, Rh, 

Os. I r. Pt. p d^^sstin^ lafe«v^^±2a 

mL(07imX$>\) . mmt^^^-Ta^. 0<a^0. 
7, X. y. z. wliat%-e. 3^y^30. O^z 
^20, 7^w^40> 2 0^y+ z+w^ 6 0 fcU, 
30 m^ltxX^^o 

CO 0 4 8] ^^mxiiBi»^mm.fmm^nu\.-^-:i 

mmt^^ta^. O^a^O. 3. X. y. z. wfi 
at%-p. 7Sy^l5, 0^z^l9. 20<w<3 
5, 30^y + z+w^50i:U ^lixXSb^^t 

[0 0 4 9] ^XK. :^^mK^^f^mmm<om^Mt 

^{tW 5b^it*:i:^:-oTi/->«7^;l/7rXffifc. FeR 

Ml3T^;i/:7rXifBa, S{C7c^MO^{fcl^r'J^^^n 

VitSSt^^-To #{j:F e t^C. feSVHiF e tcf^^ 

X. co^mmir^t. um^nmc'Lmmti^^m'tEri. 

It. F e-M-om<om^ictt^x'm<^^c 
[0 0 5 0] *fc«c«ffiPti:c o^s-^wrsfc, WfH*^ 
m&m<D~mmysiiit. f e-M-om<D-mmy5it^ 

50 o^?8a*o^^S^IS#1^^±^ l^-^fc^iif^toii^^o fc 
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mmmmmi^co^mairit. Fe-M-o 

[0 0 5 1] Sfc^^gB^Cfel/^T. F eS:r>V*fcttC 

o^±iif^t-r^mB^Bm<om^BmMtLXii. be cm 
t,\ <}; L < t±ie^«jt©^¥A^ b c c mm-^mm 

Sl± 3 0 n mJ-)iTT?*S <1 Ll^o 
[0 0 5 2] 

[^B^tDllfiSOJKSg] 05. 06 lis ^nmiC^<'f^^ 

li0 5<J[)6-6i©»fE0-efe«o 06fc^-rJ;3fc. S 
)K3 0±lc|Xt»aiL«eg3 i*^fl^fiK?nT(/>Sc 2:<Dai 
t)aiL«ffi3 lit. i^?i:LTC»t9SiJ«:WbTV^^o b8 
tH»K3 0±&O*lXt) fcllL«@3 1 ±{i:, »&^3 2 

«i4jg 3 3 i:«6iSiBi 3 4 tm^mmzn. nmm a 4 ± 

tcx/^'i''^;v:3^;i'tt©¥®:3^^l'3 5;&^JK^^tx^o 
¥ffi3-r;l/3 SCDcf^DgPliv *e^3 2 fc*fgB^©«?5a 
14#aMT'J^fi!J^nfc?S1SM3 3 i:if6iliaS3 4 fClBlte. 
nfc;^;l'-3^-;l'«::n-bT9lDabSffi3 i fcgs^^n 

e.a^t)aU«iffi3 8*^S«3 0±tCffitfTt/^So MfH 
?JtiaL««S3 8 |X^itBb«ffi3 1 ilRl^ti:^?^: 

[0 0 5 3] ^®3^;l/3 5ti. IS. — 

i&t). -I'y^i'i'^'VX. iSJSa«#14s -y-i-X^HtcfS 

fc¥ffi3'r;l/3 5^M?"JWc«ISIStt. ^®3-r;l/3 
«fig-e^§o ^ffin-Y^l/S 5{±. mwM^ws. 

[0 0 5 4] ite)S^3 2, 3 4. 3 ^'J S K:^ 

<D|i6iiaS3 2. 3 4. 3 6a, '^-XhSIBIISfc^Xlf 

1/ HOT? {c <fc t) j^fiX? n 5 o 

[0 0 5 5] 07a. *^B^O||StJK^fcLT©llflKfia[ 
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KT'feSo 39::fe07{e^-riW^a*^'N>v -fv^i' 

[0 0 5 6] 07(C^-r??F^4 Oa. 3|:f|B^O«)C®[14# 
aPT-Jg^2n/-cTa537'S4 0-eS5o HOtHTSPnT 

s 4 0 cD±{ctt. A 1 2 Oii3iE<Di%wsi<omimin-^i^ 

[0 0 5 7] mammA 2±Kit. c u^^how^s 
^^nTv>So :*^3H«ffe3^';vg4 3i±. ^■rs±giJ 

^nTi/-'5*\ 07TttWE=i^;i/e4 30— as©**^ 

j^nrt/^^o ^LTsgi23-r;v*4 3(DJitcj±. 

[0 0 5 8] mWi&BM4 4 0±{i:«. *fgB>i<0«^«H4 
20 ^SM'PJ^^^*^^::-tS53TS4 5*^J^^«nTl,>«o 
±gi537'»4 5(D$ti^4 5 ali. tB©iif*i:OMlS]gP 
{cisv^T. TgP3 7^4 0±{cMtB^'^>y:^»4 i 

nriz-'So sfc±BP=»7a4 5oassgP4 5 bt±. ^-v 

4 1 Rtf»6iiS» 4 2 {cj^fig^tifcTX^/TLT. T 
[0 0 5 9] »iii^ra<0'<'>'^^7''r:^'N'y K"??t±. ^ 
;Rtf±g|537»4 5ictasiai^7b^fi«^n. tsp^tb 

30 4 0fc±^3 7«4 5©5fe«geP4 5 afcOJK^^-V-v:/ 

[0 0 6 0] *i8B^-ei±. 0 5, eic^-r-i'vy^'^o 
fi4ft)3i 3 3, 37. Rtf 0 7 tc^-r FOT 

aPa7JS40. ±g|5=i7»4 5*% Slfc^-TidtC, 

j^^tiTV^^o 0 nc^t"J:-5{c:. MIH^fi^'ffiK 7 1±. 

[0 0 6 1] *%B^fcfei/^r. Me^aiffi^7a. 08 

^ffifc. Tl, Zr. Hf. V, Nb. Ta. Mo, 
W, Al, Si. Cr. P. C. B. G a, G e t.^± 
Stc^*^ ?. otitis 1 as fcti 2 aJL;(±07t^M i;. tc 
^ O S.t>VS rc« N ^^l'^ 7 Xffl t 

50 fiK^nTt/^«iKfcMS5VH±^{tMoaKS8tct. W 
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»5S:)b^e.t>s F eRlf/S fcli Cots 7C^M*^-&Sn 
[0 0 6 2] b*^L=S:*^&*^W-e«. i»CSatffil7*«l 

[0 0 6 3] C©<t^f<:. MS«caH4^^M5«:, Wm 

[0 0 6 41 mi ic^-rmmi^Mms^m^^i^ 

^SBi:LTt±R F^@;^''^*y^> DCT./^-y^'s 

^f. J^I^^r-yy h^X/Vy^'*^OK#©t><^)^^seffl 

[0 0 6 5] >^/^-y^»^ertf£:i±, ®?«^7^fia^-r 

figM^tc, WIBii9c5Bi14JS7(f<{c. O2 (^fg) , feSV^ 

g1t;«rx4'fc02:i!?x. 3&«vH±N2*r;^^?g-&L/fc (A 
r + 02) ti^;«rx. ssoH± (Ar+Nz) i^H^'f-e 

X/^-y^f^ff^S/SftX/^'y^s fe^VHi, TC^M©^ 
{t:il«jfesv>{±^fb%i®^'y :/*fflv^fc«-g-^-yy 

Ar|?H^if. feSt/H±A r+02. A r +N2^BB^4' 

[0 0 6 6] 01 ^c^•rm^ i o±fc*-r^ i 
2 mm) . fesvH±N2 (^^) ^MAL. mtEwm^ 

5o ^-LTSlf. X-'VvifSJcafcJcoT. MI2^KS8 

±lc^2»B<^®?SS1SM7^fi!cMb. ^Mm. X/^y^ 

tt)M7 0a®(i:. ^{tJSfcSVH±^fbll<0^SM8*}g 
|^c^fca5^>©^?ia^1t14^W-r5*i^««9 i:m^tt<^ 
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[0 0 6 7] « fciJtS«);M14]K 7 ©a® f-BS{tmo^K 

a8^}^^-rS:?a?Si:bTti, tli^VfcJ^olc. 

mi'^ 7 (DmMicmim(o^MM s ^grj^ssc-r i. c t 

-e^-So S9l2®(fi414m7<Dm^(-0 (^) 

^7*^8®^. mm^MXT^cticii^x. mtzwiM 

[0 0 6 8] mc^nmxmm-i^n^mmmi <omm 
ic-oi^^xmmt^o tamim^miit (Pei-.co.) 

Mti. Zr, Hf. V, Nb. Ta, Mo, W, Al. 
Si, Cr. P. C, B, Ga, G e t^^WtMH' ^ 

t. Ru. Rh, Pd. I r. Os, S n. T 1. A 

u, Ag, c u*->p.aiJns iasfci±2atu;07T:^ 

X&K>. ffifi!cJt^*-r a O^a^O. 5. x. y. 
z. ^N^i.at%X\ 5<y^30x 0^z;^20, 5^ 
w^40. 1 0^y+z^4 0t?;fctJ. S»t±xT»fe 

^[006 9] J; t) »a L < li. tmmkm^<om^^ 

^•tal±. 0<a^0. 3> x. y, z. wl±at% 
X. 7^y^l5, 0^z^5. 20^w^35-pS 

0. 5SgP3b^xT?feSo ^fc*^BJ"??t±s MtHTC^Mli. 

Z r. H f ©•5^— ^^feSJ^Hii^Tj^-^tyTC^tPfeSd 

[0 0 7 0] ^Sl.^^±*^B^T'^±. Mfe«cmi±M7 
(coi-aTa) xMy LiO«<Dffi^"ejefiS;2nTv>So 

fcL. TliFe, N i ^H^S ^^feSVHiiE??^ 
*-irt?7C^1?;36Dx Ti, Zr, Hf, Nb, T 

a. C r. Mo. S i , P, C, W, B, A 1, G a,^ 

G e tn±m7zmii-' ^mi^n^ im^fcit 2m:i±<D7z 

mx$>*:). Ll±. Au. Ag, Cu, Ru, Rh, O 
s. I r. Pt. Pd3!»^P.S«nS iaa55V>l±2ae( 
±<D7xMX&K>. mi&it^^-r alt. O^a^O. 7. 
X, y. z, wtiat%T% 3^y^3 0. 0^z^2 
0. 7^w^4 0. 2 0^y+ z+w^6 OOM^^W 
U mHiixX&^o .J:»?»Sb<«. MfH«cfil14JP«0 
fflJ5RJt%^-ral±. O^a^O. 3. x, y. z, w« 
a t 7^y^l5. 0<z^l9. 20^w^3 

5, 3 0^y + z+w^5 OOM^^^U ^J±xT? 

[0 0 7 1] ^fc-^^mXli^ tulHTT^TtiF e-^feS 

} 0. 3< {C 0/ (C o + F e) } ^0. SXio^<^t 
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tmt^ bV>o jmi^V ethX. CofcFe i:<DtJ-& 
^0. 3<: {Co/ (Co + Fe) } ^0. SfT^^ 

7 : 3 fc-rSfcSV^o $fc2f:^^fcfelt«t5IH^Bt'ftM 

7 JC J;ntf s 300~3000/iQ-c mSlgOjtSiit 
Co 0 7 2] JJ(±€><J: ^ fc^^^B^T-ti. 0 1 tc^^-TJ: ^ 

9 (Dfm. Mf3^S» 8 ic J: o TMMfl^fi: ^^--'V 
«14IS7fl!)^ie^ifemfi2t-S2:i:teJ;-pT. mm^ 

CO 0 7 3] #tC*^?STl±. «}Cll1Sm7^fiK^-rS/-c: 

1 Kmtmt^ 9 fc^RS 8 *v ^mcmm-snrz^ 

CO 0 7 4] rj:j3^^mxi±. 0 1 ic^-rw!mt^mm 
5. 6) fcsiigai^'NyF (07) ^mm^ii\ m 

Co 0 7 5] 

jtmu (Hf^H) tORtf/SfcttN^^SfC 
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mm.mrj: ]^mm^nmt ^ rob. mmmm<D 

So 

10 CO 0 7 6] !Rp{C*fi0^fCfel/^T{±, 
C0®<D©*^SiBJ] 

C0 2] 3. 0/im©^«^-rSFe-Hf-O)K^ 
figPU BStHF e-H f -0m{CfettSaffi*^5»O?^S 

C0 3] F e-H f-OMfi:felt5^?SISfcl'>'t!— ^ 

C0 4] F e-H f-OlSfcfeltS^tSSfet^'Vt?— 

C0 5] :$:^BM(omm]Bm<DmM^^t¥mMMmM^ 

C0 61 0 5f!:3^'r6-6i6a«)WTE0> 

C073 :^^m<ommmmi<omM^^-rnmMfs.'^^y h 

50 C0 8] 5t:%^{c43ltS®Cfllffie©^3t^^'^^^^ 
0. 5 

C09] '^mcmif^^y'^i^^<o\sMm. 

5 

7 nm.^ 
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4 3 

4 5 ±gP37e 
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